Abstract This report describes intrathoracic malignant peripheral nerve sheath tumour in a Pekingese dog with unusual histopathologic findings. A 2-year-old male Pekingese dog presented with a history of pain and chronic hind limb lameness. Thoracic radiographs revealed soft-tissue opacity ventral to the thoracic vertebrae and dorsal to the aorta and base of the heart. The echo texture of the mass ultrasonographically was heterogenic, including hypo-and hyper-echoic areas within the mass, which had a well-defined echogenic wall. The owner refused further diagnostic tests, and due to a poor prognosis, the dog was euthanized. On histopathological examination, ovoid structures, known as Verocay bodies in human schwannomas, together with the pseudo-rosette-like structures in which neoplastic cells were arranged around blood vessels, were found as the most pronounced histological feature. Immunohistochemical examination revealed that neoplastic cells were extensively positive for both neuron-specific enolase and vimentin. To the authors' knowledge, such histopathological findings associated with malignant peripheral nerve sheath tumour in dogs have not been previously reported.
Introduction
Malignant peripheral nerve sheath tumours (MPNSTs) are a rare variety of soft-tissue sarcoma of ectomesenchymal origin. MPNSTs arise from major or minor peripheral nerve branches or the sheaths of peripheral nerve fibres and are derived from Schwann cells or pluripotent cells of neural crest origin (Gupta et al. 2008) . In dogs, MPNSTs have been reported in the cervical, thoracic and lumbar vertebrae and in the diaphragm and sciatic nerve (Essman et al. 2002; Okada et al. 2007; Abraham et al. 2003; Ruppert et al. 2000) . In humans, it is commonly found in the lower and upper extremities, trunk, head and neck. But, intrathoracic manifestations are very rare (Park et al. 2001) . MPNSTs in young dogs are uncommon; a literature search revealed no report of these tumours in young dogs except for one report of a dog with unilateral limb enlargement due to MPNST (Brower et al. 2005 ). The present report describes intrathoracic MPNST in a 2-year-old Pekingese dog with unusual histopathological findings.
Case history
A 2-year-old, male Pekingese dog presented with a history of pain and chronic hind limb lameness and a week's history of progressive hind limb paresis, with faecal and urinary incontinence. The dog had no history of trauma prior to the onset of the clinical signs. The animal was bright, alert and responsive. Neurological examination revealed depressed postural reactions and pain perception in both hind limbs. The pelvic limb reflexes were present, and there was no abnormality in the thoracic, limb or cranial nerves on examination. Thoracic auscultation revealed increased respiratory sounds in the dorsal lung lobes. CBC revealed leukopenia (WBC= 3,750/μl) and neutropenia (2,775/μl). Serum biochemical profiles were within normal limits. Thoracic radiographs revealed soft-tissue opacity ventral to the thoracic vertebrae and dorsal to the aorta and the base of the heart. Tracheal bifurcation was displaced ventrally, but no abnormality was evident in the pulmonary system. The tissue mass extended from T5 to T7 of the thoracic vertebral column (Fig. 1) . The echo texture of the mass was heterogenic ultrasonographically and included hypoand hyper-echoic areas within the mass with a defined echogenic wall. The dimensions of the mass on ultrasonographic examination were 3.2×2 cm (Fig. 2) . The owner refused further diagnostic tests, and due to a poor prognosis, the dog was euthanized. At necropsy, a large intradural-extramedullary mass was identified, which had grown into the vertebral canal and protruded from the right side of the T6-T7 interval space resulting in severe spinal cord compression. The mass measured 6.5×5× 3.5 cm, and had a soft, smooth well-encapsulated appearance. The tumour's cut surface was solid, brown to red in colour with conspicuous haemorrhage in most regions. Samples from the mass were processed and embedded into paraffin, sectioned at 5 μm and stained with haematoxylin and eosin (HE).
For immuno-histochemical analysis, the following antibodies were applied in appropriate dilutions on sample sections: rabbit polyclonal antibodies (PoAb) against myelin basic protein MPB (Dako, Glostrup, Denmark), as well as synaptophysin SYP (Dako), and mouse monoclonal antibodies (Moab) against neuron-specific enolase NSE (Dako), vimentin (Dako), neuro-filament protein NFP (specific for 200 and 70-kDa subunits, Dako), glial fibrillary acidic protein GFAP (Dako), cytokeratin (Dako, clone MNF116), desmin (Dako), and S-100 (Dako), using the labelled streptavidin-biotin method (LSAB™ Kit, Dako). Slides were counterstained with Mayer's haematoxylin.
Two distinct regions of highly (Antoni type A) and hypocellular tissue (Antoni type B) were identified and designated as prominent histological features for this tumour (Fig. 3) . The cellularly dense parts of the lesion are composed of either fusiform cells arranged in broad sheets of interlacing bundles or round and polygonalshaped cells with a concentric arrangement around prominent blood vessels (Fig. 4) . The compact groups of spindle-shaped cells were located as parallel rows at the periphery of the ovoid or Verocay body structures (Fig. 5 ). In the cell sparse areas, the tumour cells were embedded into the myxomatous matrix (Fig. 6) . The majority of neoplastic cells, specifically those arranged around blood vessels, had abundant eosinophilic cytoplasm from well to poorly defined borders. The round to elongated nuclei were sometimes vesicular with prominent nucleoli. Mild to moderate mitotic activity was detected. Furthermore, multiple foci of cartilaginous tissues as heterogeneous elements, which are often found in nerve sheath tumours, were scattered within the lesion. Massive haemorrhage was another striking microscopic feature, which occurred in many regions of the tumour mass. Extensive destruction of the parenchymal structure of the spinal cord had also occurred. The neuropil was disrupted by the presence of extremely loose pale oedema.
The vacuolated tissue moreover showed numerous dilated blood-filled vessels lined by endothelial cells with prominent elongated nuclei. A moderate number of extravasated red cells were detected in the parenchyma. A cellular infiltrate consisting of large numbers of macrophages with considerable amounts of vacuolated and granular cytoplasm and an ovoid or slightly pleomorphic nucleus were observed. A relatively small number of other inflammatory cells such as lymphocytes, plasma cells and rare neutrophils were also reported. The majority of neurons had degenerated and showed absence of the nucleus and Nissl substance. In the remaining neurons, which remained intact, a condensed cytoplasm and nucleus with marginated chromatin was observed. On immuno-histochemical staining, tumour cells showed strong positivity when labelled for NSE (Fig. 4, inset) and vimentin (Fig. 6, inset) , not remarkable for S-100 and negative for NFP, MBP, SYP, GFAP, desmin and cytokeratin. The coexpression of NSE and vimentin was found in most populations of the tumour cells.
Discussion
In this case, chronic hind limb lameness and subsequent progressive hind limb paresis were the main clinical manifestations. MPNSTs previously called schwannomas or neurofibromas are a principle cause of chronic neurogenic lameness in dogs (Da Costa et al. 2008) . Metastases of MPNST to the lungs have been reported in dogs, whilst in goats, this tumour in the thoracic vertebrae develops systemic metastases (Okada et al. 2007 ). In our case, however, we did not observe metastases to any organ.
In human MPNSTs, a positive labelling for S-100 is reported in 50-90% of patients, and for MBP, it is less than 50% (Kuwamura et al. 1998) . Nevertheless, some reports have concluded that in all probability, the absence of S-100 positivity implies malignancy (Chijiwa et al. 2004 ). It was not clear in this case whether the round tumour cells, specifically those arranged around vessels, originated from precursor of schwann cells or not; however, the positive labelling for NSE and vimentin is consistent with the evidence that these cells are immature with neuronal origin, which arise from migratory neural crest stem cells (Kim et al. 2003; Chijiwa et al. 2004) .
Although histological pattern of Antoni type A and B tissue are frequently reported in animal schwannomas, this is in contrast to findings from human patients. However, the presence of Verocay bodies is an important feature leading to a definitive diagnosis of this tumour (Koestner and Higgins 2002) . In conclusion, to our knowledge, the presence of these ovoid bodies has not been reported in the veterinary literature to date.
